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A trial fibrillation (AF) is the most common serious cardiac arrhythmia, with an estimated prevalence of two million in the USA. 1 AF carries significantly increased risk of morbidity and mortality, a major component of which is a fivefold increase in the frequency of stroke.
2 Non-rheumatic AF is probably responsible for 15-20% of cerebrovascular accidents of ischaemic origin.
3 w1 The risk of embolic stroke in the general population increases with age; in people over the age of 75 years AF is one of the most important causes of embolic stroke. 4 A majority of the cerebrovascular events in AF patients are ischaemic. 5 A principal mechanism responsible for ischaemic stroke in AF is embolism secondary to the stasis in the left atrium, specifically in the left atrial appendage. Thrombogenesis in AF patients is correlated with low flow velocities in the appendage. w2 The left atrial appendage is the almost exclusive location of intracardiac thrombus in patients with AF. w3 Overall in AF, two thirds of the ischaemic cerebrovascular events and perhaps half of all vascular events are related to the atrial thrombi. 4 The other implicated cause of stroke in AF patients is coexisting atherosclerosis of the large arteries and valvar abnormalities. Indeed, many of the patients with AF are at increased risk of significant carotid disease.
w4 Notably, the major risk factors for stroke in patients with AF are the same as the risk factors for accelerated atherosclerosis (table 1) . Clinically active atherosclerotic disease is very common in patients with AF. In the SPAF (stroke prevention in atrial fibrillation) trial (mean age of patients 67 years) 10% of patients had active angina, 8% had had a myocardial infarction, and 12% had significantly decreased left ventricular function. 6 The overall mortality in placebo treated patients with AF was 3.1% annually, with seven out of eight fatal events being of cardiovascular origin. Some experimental data suggest that AF related haemodynamics may actually increase the propensity for arterial thrombosis in narrowed vessels. w5 The risk of stroke varies significantly between patients with AF. The main risk factors identified in two major studies addressing the issue in AF patients are presented in table 1. The history of prior embolic event and age are the two most powerful predictors of increased risk of stroke in non-valvar AF.
PREVENTION OF STROKE IN AF PATIENTS c
The goal of decreasing the risk of stroke in AF has been approached with two treatment concepts: antiarrhythmic therapy (aimed at suppression of AF, also known as rhythm control), and antithrombotic treatment (aimed at suppression of coagulation cascade and platelet activation).
w6 Mechanical approaches, based on the obstruction of the left atrial appendage, are now also under evaluation.
w3 w7 w8
Four very recent randomised trials examined whether rhythm control is able to decrease the risk of death or embolic stroke in AF 6-9 when compared to rate control alone. All of these trials consistently reported failure to decrease the risk of embolic events in AF patients. Therefore, the only currently credible option for preventing vascular events in AF patients is antithrombotic treatment, which is the focus of this review.
ORAL ANTICOAGULANTS
The coumarin anticoagulants include warfarin, dicumarol, and several related compounds. Their main mechanism of action is prevention of the intrahepatic metabolism of vitamin K epoxides, and an induction of vitamin K deficiency. As a result, thrombin generation slows, and clot formation becomes impaired due to decreased biologic activity of the prothrombin complex proteins. The effect of vitamin K antagonists is gradual and reversible. It takes several days before an adequate level of anticoagulation is achieved, and for the anticoagulant effect to disappear after drug discontinuation.
The therapeutic effect of oral anticoagulants (OACs) is measured by monitoring the prothrombin time. OAC dosage must be adjusted to achieve a narrow range of the desired prothrombin time values, usually expressed as the international normalised ratio (INR). Thromboplastins, the essential reagent for prothrombin time testing, vary in animal source and method of preparation, which result in differing sensitivities to factor deficiencies. Differences in instrumentation, methodology, and control plasmas also contribute to inter-and intra-laboratory variability. To control for this the World Health Organization has established a reference thromboplastin derived from human brain that is now used to calibrate secondary standards, and is available to manufacturers and laboratories for the evaluation of thromboplastin reagents. In an effort to standardise the monitoring of OAC, the INR was adopted worldwide. The INR converts the prothrombin (PT) patient/PT mean normal ratio to the value expected if the test had been performed with the WHO reference thromboplastin.
The OAC antagonists have multiple interactions with other drugs and some food components. The most common agents associated with enhanced anticoagulant effect are allopurinol, common analgesics, antiarrhythmics, antidepressants, antidiabetics, antimalarials, antiplatelets, anxiolytics, disulfiram, levothyroxine, lipid regulating agents, testosterone, and alcohol. Oral contraceptives, raloxifene, retinoids, rowachol, and vitamin K have the opposite, reducing effect on anticoagulation.
The most common contraindications for OACs include evidence of any active bleeding, uncontrolled severe hypertension, recent brain, eye or spinal cord surgery or injury, propensity for recurrent falling, inability for INR monitoring, and patient non-compliance.
w9

ORAL ANTICOAGULANTS IN AF
By the late 1990s, six randomised clinical trials addressing the efficacy of OACs in non-valvar AF by comparison to placebo or no treatment had been published 5 10-14 (table 2) . The data from these and other trials of OACs were recently summarised in a meta-analysis. 15 In all these trials OAC treatment was associated with decreased risk of ischaemic stroke in patients with AF, with a relative risk reduction in the range of 33-75%, mean 62% (95% confidence interval (CI) 48% to 72%). The effect of OAC was consistent and was achieved despite overall 20% dropout rates.
The absolute benefit of OAC in patients with AF varies in the placebo controlled studies according to the risk of embolic events in the patient population enrolled: the higher the risk of cardioembolic event, the stronger the absolute preventive benefit from anticoagulation (fig 1) . The overall effect of OAC was a 59% reduction in stroke in the primary prevention trials and 68% in the secondary prevention trial. The absolute annual risk reduction for all strokes was 2.7% for the primary prevention and 8.4% for the secondary prevention trials (number needed to treat for one year to prevent one stroke was 37 and 12, respectively). Total mortality also decreased with OAC significantly, with relative risk reduction of 26% (95% CI 4% to 43%) and an absolute risk reduction of 1.6% per year. 15 The range of efficacy of the oral anticoagulants evaluated in the randomised trials differed significantly (with a lower INR range of 1.5-2.8, and an upper range of 2.7-4.5). When estimated in a case-control study, the lower threshold of intensity of anticoagulation in patients with a history of embolic stroke was an INR of 2.0. Three concepts of stroke prevention in AF 1. Antithrombotic treatment-anticoagulant or antiaggregant effects aimed at diminishing the pro-thrombotic effects of atrial fibrillation 2. Antiarrhythmic treatment-aimed at eliminating atrial fibrillation or significantly decreasing the burden of atrial fibrillation 3. Mechanical means-aimed at the occlusion of the left atrial appendage, or protecting the internal carotid artery from thrombi More then 10 randomised comparative trials compared dose adjusted OACs with other drug regimens for the stroke prevention in AF. Three recent meta-analyses have reviewed these data. 15 17 w13 The results of these meta-analyses are consistent in regard to the superiority of OAC over antiplatelet treatment, but differed in regard to the extent of this superiority. This difference may be explained by the inclusion of trials comparing OAC to the combination of low dose warfarin and aspirin 17 and inclusion of antiplatelet regimens other than aspirin. The only individual patient data based meta-analysis 17 was limited to the comparisons of warfarin and aspirin (excluding trials on other antiplatelets drugs and including two trials which used a combination of aspirin and low dose warfarin). This meta-analysis reported a significant superiority of the OAC over aspirin in the prevention of all strokes (hazard ratio (HR) 0.55, 95% CI 0.43 to 0.71) and cardiovascular events (HR 0.71, 95% CI 059 to 0.85) (fig 2) . It did not find a significant reduction of mortality (HR 0.93, 95% CI 0.76 to 1.13). OAC (compared to aspirin) prevented 2.1 strokes (decrease of stroke rate from 4.5/100 patient-years to 2.4/100 patient-years) at a cost of approximately 1.1 major bleeds (increase in the major bleeding rate from 1.3/100 patientyears in aspirin group to 2.2/100 patient-years (relative risk (RR) 1.17, 95% CI 1.21 to 1.41)).
Interestingly, another recent meta-analysis compared OAC with any evaluated antiplatelet agents (excluding trials where the combination of aspirin and warfarin was compared to warfarin) and showed no significant difference between OAC and antiplatelet treatment with regard to vascular death or fatal strokes, with only statistically borderline superiority of OAC for outcome of non-fatal stroke (OR 0.68, 95% CI 0.46 to 0.99).
w13 The incidence of the major bleeding event was higher with OACs (OR 1.45, 95% CI 0.93 to 2.27). Major bleeding in the aspirin arm in this metaanalysis may be inflated due to inclusion of low dose warfarin in this arm. Thus, the accumulated evidence certainly indicates the superiority of oral anticoagulation over aspirin treatment alone in patients with AF at increased risk of stroke. However, the magnitude of the benefit of OAC over antiplatelet agents remains slightly uncertain. Data suggest that the effect on stroke is more powerful than against other vascular events. OAC is currently the gold standard for prevention of stroke and other vascular events in AF patients.
LIMITATIONS OF ORAL ANTICOAGULATION
The limitations of OAC are significant and the main concerns are safety and adherence to the treatment.
Chronic OAC use is associated with a significant increase in the risk of major bleeding, including haemorrhagic stroke. The absolute of this increase depends on the level of Figure 1 Absolute benefit in stroke prevention by anticoagulation versus placebo. AFASAK, Copenhagen atrial fibrillation, aspirin and anticoagulant therapy study; BAATAF, Boston area anticoagulation trial for atrial fibrillation; CAFA, Canadian atrial fibrillation anticoagulation trial; EAFT, European atrial fibrillation trial; SPAF, stroke prevention in atrial fibrillation trial; SPINAF, Veterans Affairs stroke prevention in non-rheumatic atrial fibrillation trial. Figure 2 Comparison of oral anticoagulants and aspirin. 17 anticoagulation, but in participants of randomised controlled trials receiving active drug it is generally estimated as 0.2% per year for haemorrhagic stroke (from 0.1% in the placebo group to 0.3% in the OAC group), and 0.3% for major extracranial haemorrhage (from 0.6% to 0.9%). The overall rate of haemorrhagic events has been reported to be as high as 1.8% per year in AF patients over 75 years of age. 18 The risk of major haemorrhage during OAC when compared to aspirin was 2.2 versus 1.3 per 100 patient-years (HR 1.71, 95% CI 1.21 to 2.41) (note that the annual risk with aspirin was actually lower then that of placebo). 17 The increase in risk of brain haemorrhage in the same meta-analysis was not significant (0.5 v 0.3 per 100 patient-years (HR 1.84, 95% CI 0.87 to 3.87)).
The risk of the brain haemorrhage is higher in routine practice than in rigorously controlled clinical trials. Recognised independent risk factors for major bleeding events are elevated INR, history of stroke, history of gastrointestinal bleeding, and serious co-morbid conditions. Poor patient adherence to the treatment, drug interactions, and multiple dietary restrictions make it difficult to remain in the recommended range of INR. Chronic anticoagulant therapy places the patient under a number of restrictions, including delays of urgent invasive procedures, contraindication for thrombolytic treatment for myocardial infarction, and potentially serious bleeding after common trauma. Many patients need to discontinue anticoagulants for other treatments and procedures during which time they are at risk.
In spite of the evidence and recommendations, only about half of all patients with AF are correctly treated. 
CONCLUSION
Currently, chronic OAC treatment is the most effective available prophylactic approach in patients with AF at high risk of thromboembolic events. Aspirin, the only available proven alternative to chronic OAC, is significantly less effective, and therefore is only indicated in patients at moderate and low risk, or in patients with major contraindications to OAC. Chronic OAC, however, is underused, due to contraindications and difficulties in its use.
Therapeutic agents as effective as OACs, with greater ease of use and fewer contraindications, are being tested and may offer improved antithrombotic protection for patients with AF in the future.
A 90 year old man was found at home by his daughter, slumped at the bottom of his stairs. He recalled quite severe tight central chest pain associated with breathlessness and sweating while going up stairs which was not relieved by taking a spray of sublingual glyceryl trinitrate (GTN). He sensed that he was ''about to die'' before collapsing with loss of consciousness. He was sent to the accident and emergency department (emergency room) of his local hospital by ambulance.
The patient had a five year history of angina pectoris that limited him to one flight of stairs within the house and light housework only. Over the two weeks preceding his admission to hospital he had experienced increasing frequency of these symptoms and used his GTN spray more often than usual. He had not smoked for over 50 years and there were no other risk factors for cardiovascular disease. There was no other notable past medical history and he was otherwise fit, living completely independently.
The significance of these signs and symptoms, the diagnosis, and the short and long term treatment of these problems are discussed in an interactive case presentation.
